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Supplementary Methods
Calculation of absorption coefficient. The absorption (A) was calculated using:
where I0 is the reference intensity measured with the blank and Is is the intensity measured with the sample.
The absorption coefficient α was obtained from:
where T represents transmittance and L is the sample thickness.
From Equation S1 and S2, we can get the absorption coefficient by the value of A:
The absorption coefficient for CH3NH3PbI3 is as a function of wavelength. The penetration depth ( ) is then calculated as ( ) = 1/ ( ).
Calculation of charge diffusion coefficient and diffusion length.
The charge diffusion length was calculated based on one-dimensional diffusion model which was described in Xing's paper (Xing, G. et al. Science 342, 344-347 (2013) ) as below:
where ( ) is overall photocarrier density within perovskite film, D is the diffusion coefficient, n0 is initial photoinduced carrier distribution, ( ) is the observed PL decay rate without any quencher layers, α is the absorption coefficient, and L is the thickness of perovskite layer.
By fitting time-resolved PL results we can obtain the expression of ( ). PL decay curves in our experiments are fitted by stretched exponential model or simple rate equation.
For stretched exponential fitting:
From Equation (S5) we can obtain the expression of ( ) = − −1 .
For pristine films with mono-and bi-molecular behavior, we use simple rate equation:
where n is the photogenerated carrier density, A is the monomolecular trapping rate, B is the bimolecular radiative recombination coefficient and N is the emissive trap density. The effective PL lifetime then can be written as 
